Copper is an essential trace metal which plays a fundamental role in the biochemistry of the human nervous system. Menkes disease and Wilson disease are inherited disorders of copper metabolism and the dramatic neurodegenerative phenotypes of these two diseases underscore the essential nature of copper in nervous system development as well as the toxicity of this metal when neuronal copper homeostasis is perturbed. Ceruloplasmin contains 95% of the copper found in human plasma and inherited loss of this essential ferroxidase is associated with progressive neurodegeneration of the retina and basal ganglia. Gain-of-function mutations in the cytosolic copper enzyme superoxide dismutase result in the motor neuron degeneration of amyotrophic lateral sclerosis and current evidence suggests a direct pathogenic role for copper in this process. Recent studies have also implicated copper in the pathogenesis of neuronal injury in Alzheimer's disease and the prionmediated encephalopathies, suggesting that further elucidation of the mechanisms of copper trafficking and metabolism within the nervous system will be of direct relevance to our understanding of the pathophysiology and treatment of neurodegenerative disease. 1999 Academic Press
INTRODUCTION
Copper is an essential micronutrient that plays a critical role in the biochemistry of all aerobic organisms (Culotta and Gitlin, 1999) . This metal functions as a prosthetic group permitting the facile transfer of electrons in key enzymatic pathways. As such, copper is required for the catalytic activity of enzymes which play an essential role in neurobiology and disease, including tyrosinase for melanin synthesis, cytochrome c oxidase for electron transport in the mitochondrial respiratory chain, Cu/Zn superoxide dismutase for antioxidant defense, dopamine ␤-hydroxylase for catecholamine biosynthesis, and ceruloplasmin for brain iron homeostasis (Table 1 ). The reactivity of copper with dioxygen, which results in these important electron transfer reactions, also accounts for the highly toxic nature of this metal when copper homeostasis is perturbed (Harris and Gitlin, 1996) . For this reason, specific mechanisms have evolved for the compartmentalization and trafficking of this metal within cells (Valentine and Gralla, 1997) .
Although the importance of copper in neurobiology was first appreciated from experimental studies in animals, the essential nature of this metal in neurologic function is most dramatically illustrated by the inherited disorders of copper transport, Menkes disease, and Wilson disease. Despite striking differences in the clinical phenotypes of these two diseases, each disorder results from the absence or dysfunction of an homologous ATPase localized to the trans-Golgi network of the cell. Elucidation of the basic defect in these diseases has permitted new insight into the molecular mechanisms of cellular copper metabolism and provides a pathophysiological framework for understanding the role of copper in neurodegenerative disease.
MENKES DISEASE
Menkes disease is an X-linked recessive disorder resulting in pleiotropic clinical features, including peculiar hair, failure to thrive, and severe cerebellar
